Graves' disease is the most common cause of hyperthyroidism in children, and it results from autoantibodies against the thyroid-stimulating hormone (TSH) receptor, leading to increased synthesis and secretion of thyroid hormones. 1 Previous studies in adult patients have shown that excess thyroid hormone is associated with decreased bone mineral density independent of BMI; 2 however, few data exist on the effects of elevated thyroid hormone levels on bone resorption in pediatric patients. We describe a case of an 11-year-old, previously healthy boy who presented with a pathologic wrist fracture and was found to have decreased bone mineral density and multiple vertebral compression fractures on radiograph, prompting additional workup and ultimate diagnosis of Graves' disease. Although decreased bone mineral density has been reported at diagnosis of hyperthyroidism in children, 3 fracture itself is a rare presentation. 4 
CASE PRESENTATION
An 11-year-old previously healthy boy presented to the emergency department with left arm pain after a sports injury. The patient had been standing still when an opposing player ran into his left arm, hyperextending his wrist. On examination, the patient's temperature was 36.5°C, heart rate 126 beats per minute, blood pressure 123/67 mm Hg, respiratory rate 20 breaths per minute, weight 33 kg (28th percentile for age), and height 154 cm (89th percentile for age). He appeared anxious, but his pain had resolved completely during initial examination, and he was answering questions appropriately. In addition to the tachycardia, his cardiac examination was significant for a hyperdynamic precordium and bounding pulses. No thyromegaly was appreciated on initial neck examination in the emergency department; however, mild diffuse thyroid enlargement was noted on later examination by endocrinology specialists, who also noted a fine resting hand tremor. There was mild swelling of his distal left forearm, with minimal point tenderness over the radius. There was no obvious proptosis, nystagmus, or blue sclerae. Joints were normal, with no hypermobility. His family history was significant for osteoporosis and scoliosis in adults but no childhood history of decreased bone density, abstract Previous studies have shown that thyroid hormone directly stimulates bone resorption in in vitro organ culture, and in adults excess thyroid hormone is associated with decreased bone mineral density. There are limited data in children regarding the effect of hyperthyroidism on bone metabolism and even fewer instances in the literature of hyperthyroidism presenting with bone demineralization and fracture. We report a case of an 11-yearold boy with undiagnosed hyperthyroidism presenting with fractures and osteoporosis. This case emphasizes the importance of maintaining a broad differential diagnosis when a patient presents with a pathologic fracture.
hypermobility, or fractures. His father was diagnosed with Graves' disease at age 30. His diet history included 3 cups of milk daily, with additional milkshakes, yogurt, and cheese. Review of systems was significant for poor weight gain over the past several months.
A radiograph of the wrist was obtained (Fig 1) , which demonstrated a healing transverse fracture through the distal radial diaphysis, with dorsal displacement. The bones were also demineralized. There was discordance between the history and radiograph, in that the patient experienced acute trauma with radiographic findings of a subacute fracture. At this point, the patient recalled another injury 2 weeks before this visit in which he injured his left arm sliding while playing baseball. Additional workup for the patient's significant tachycardia in absence of pain was initiated to avoid subjecting the patient to the potential risks of ketamine sedation, as initially planned for fracture reduction. An electrocardiogram showed sinus tachycardia, with heart rate of 138 beats per minute. A chest radiograph showed normal heart size and clear lung fields but revealed demineralization of the bones, with multiple compression deformities of the thoracic spine of indeterminate age and etiology (Fig 2) . Diseases to consider included metabolic bone disease or possible leukemia or juvenile osteoporosis. Given the pathologic fractures and tachycardia, laboratory work was performed to look for an endocrinopathy or malignancy as the underlying cause.
Serum laboratory work is reported in Table 1 . Laboratory values were most notable for a TSH <0.01 μIU/mL (normal range 0.5-3.8 μIU/mL) and a thyroxine (T4) of 21.9 μg/dL (normal range 4.7-9.9 μg/dL). 25-Hydroxyvitamin D was normal at 30.5 ng/mL (optimum level 25-80 ng/mL). Complete blood cell count, complete metabolic panel, C-reactive protein, erythrocyte sedimentation rate, lactate dehydrogenase, and uric acid were all normal. The hematopathology department reviewed the peripheral blood smear, which showed mild microcytic anemia. Given the low TSH and elevated T4, the diagnosis of hyperthyroidism was made. The patient was admitted for additional management. Thyroid antibody testing performed on an inpatient basis (Table 1 ) confirmed the diagnosis of Graves' disease, and the patient was started on methimazole 20 mg twice daily and atenolol 25 mg daily, and was ultimately discharged from the hospital. The atenolol has since been discontinued. His T4 level normalized ~3 months after he started treatment, and his most recent free T4 level was 1.12 ng/dL (normal 0.93-1.60 ng/dL). He had a bone densitometry scan (dualenergy radiograph absorptiometry [DXA]) 2 months after diagnosis, which showed significantly low bone mineral density, but his thyroid disease was also suboptimally controlled at that time. A follow-up scan is scheduled but has not yet been performed. Based on the history, physical examination, and laboratory data available, common causes of low bone mineral density, e2
FIGURE 1
Wrist radiograph, anteroposterior and lateral views. Note the transverse fracture through the distal left radial diaphysis with callus formation (white arrow).
FIGURE 2
Chest radiograph of patient, lateral view. Note the multiple compression fractures of the caudal thoracic vertebral bodies (black arrows) and demineralization throughout the thoracic vertebrae (white arrow).
by guest on September 24, 2017 http://pediatrics.aappublications.org/ Downloaded from PEDIATRICS Volume 137 , number 2 , February 2016 including vitamin D deficiency (normal level), hypocalcemia (normal level with normal dietary intake), and inflammatory bowel disease (lack of abdominal pain and diarrhea, normal inflammatory markers) were either ruled out or determined to be unlikely etiologies of the patient's fractures.
DISCUSSION
Graves' disease is the most common cause of hyperthyroidism in children and results from autoantibodies against the TSH receptor, leading to elevated synthesis and secretion of thyroid hormones. 1 In children, early symptoms are often nonspecific and include irritability, fatigue, emotional lability, sleep disturbance, poor concentration, and decline in academic performance. 1 More objective signs include weight plateau or loss (often with increased appetite), tachycardia, and increased blood pressure, 1 as thyroid hormone causes an increase in the metabolic rate and cardiovascular activity. 5 Presentations classic for adults, such as true exophthalmos and thyrotoxic crisis, are rare in children. 1 It has been known for years that thyroid hormone directly stimulates bone resorption in in vitro organ culture. 6 In adults, excess thyroid hormone is associated with decreased bone mineral density independent of BMI, 2 and a history of hyperthyroidism increases risk for hip fractures, 7 especially at diagnosis. 8 A few recent studies discuss a novel pituitary-bone axis, wherein TSH itself has been proposed to have an anabolic or protective effect on bone. 9 In older adults, subclinical hyperthyroidism, defined as normal thyroid hormone but low TSH, is associated with osteoporosis 9 and elevated fracture rate. [10] [11] [12] However, this association has not been shown in other subgroups. 10 Additionally, the administration of recombinant human TSH to prevent bone loss has not produced convincing results. 10 We hope future studies will clarify the role of the hypothalamus and pituitary, including TSH, in bone metabolism.
The literature is also limited regarding the effect of hyperthyroidism on bone health in children. Lucidarme et al 3 prospectively evaluated bone mineral density at diagnosis and 1 and 2 years after initiation of medical treatment in 26 children with Graves' disease. They found severe osteopenia at diagnosis, with preferential loss of cortical bone compared with trabecular bone. The osteopenia rapidly corrected after 1 and 2 years of treatment to a euthyroid state. Nubenjapon et al 13 also studied the effect of elevated thyroid hormone on bone by using computed tomography to measure bone density. They found that cortical bone density was significantly lower in children and adolescents with hyperthyroidism compared with matched controls. Compared with pubertal and postpubertal patients with Graves' disease, prepubertal children with Graves' disease have accelerated linear growth and bone maturation and therefore an advanced bone age of 1.5 to 2.5 years. 14 Despite these studies showing low bone mineral density and accelerated linear growth in untreated hyperthyroidism, fracture as the presenting finding in a child with hyperthyroidism, as in our case, is rare. 3 One case report by Cheruvu et al 4 describes a 3-year-old boy who presented with a right oblique femur fracture and was found to have Graves' disease. Unlike our case, however, this patient had a more prominent goiter and significant proptosis. Both for our patient and in this case report, low bone density as measured by DXA, −4.3 (forearm) and −2.7 (spine), respectively, was consistent with osteoporosis.
Our patient had a mildly elevated parathyroid hormone (PTH) level with a slightly elevated phosphorus level but normal calcium, 25-hydroxyvitamin D, and alkaline phosphatase levels (see Table 1 ). Repeat PTH levels were within normal range after 1 month of treatment (40 pg/mL, range 9-52 pg/mL). Patients with Graves' disease have altered mineral metabolism, including exaggerated calciumstimulated PTH responses, and are at elevated risk for hypocalcemia during thyroidectomy. 15 In Hashimoto's thyroiditis, a related autoimmune disorder of the thyroid, the incidence of primary hyperparathyroidism was 6 times higher than in the general population. 16 Our case is unique in that our patient had multiple pathologic fractures with less prominent classic symptoms of hyperthyroidism. His wrist fracture brought him to medical attention, where a more detailed e3 
